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Abstract

The growth in the geospatial industry in the United States has been remarkable, with estimates of US$30 billion dollars a year in activity during 2006.  To accommodate this growing industry and the need for a skilled labor force, a variety of different models for GIS-based education have been created over the past decade (Wikle and Finchum 2003; ACSM, 2002).  Each has their advantages and disadvantages. Our paper will discuss key issues in U.S. professional GIS education, different models for delivering this education, a case study of the University of Minnesota MGIS Program including its successes and challenges thus far, and future challenges for U.S. professional GIS education.

Introduction

As the demand for a skilled geospatial workforce increases (Gewin, 2004; Phoenix, 2000), there are series of challenges that educators face in meeting the needs of the professional GIS community.  Research is needed to better understand marketplace needs and demands, in particular, for those professional students who are now retooling from other areas such as engineering or urban planning into GIS.  We also need a clearer understanding of the advantages and disadvantages of the different models of delivery for GIS education, and now, after a decade of operation, how well these models are fulfilling the needs of the professional community.

With the recent publication of the University Consortium for Geographic Information Science (UCGIS) Geographic Information Science and Technology Body of Knowledge (UCGIS, 2006), research is also needed on how the different curricula fit into this model structure.  Geographic information educators must also consider future trends, and how their own programs need to be ahead of the theoretical/technological curve.  Some considerations include:

· What levels of computer science and mathematical education do our students need?  
· What new areas, such as mobile technologies and Web-based access methods, do we need to emphasize?  
· What are the basic skills in business and management that might be needed?  
· How do programs prepare their students for GIS certification, and do we adjust our curricula to prepare students for such certification? 
For example, Frank and Raubal (2001) argue for a GIS education model that incorporates more training in business aspects of spatial data as well as a GI engineering approach in order to better meet market demands.  Given the growing demand for GIS education in the United States and other countries, effective models of access need to be developed. We also need to consider the possibility of internationalizing the curriculum to facilitate better discussions of GIS education approaches among countries.  
Models for Delivery of Professional GIS Education
As identified by the UCGIS Education Committee, there is intense pressure on students, educators, and employers to understand the myriad requirements for professional GIS education, and to develop appropriate and flexible models of delivery (UCGIS, 1997).  Key models include distance learning, on-campus Masters degrees in GI Science and certificate programs, short courses and workshops, degrees in other disciplines with GIS courses (e.g., Forest Resources), and combined approaches.  Numerous databases of GIS academic programs now exist and assist prospective students in understanding the myriad of choices available to them.  For example, the ESRI online database of academic GIS programs allows a user to find GIS certificates, degree programs, graduate programs, distance learning and ESRI Virtual campus listings (http://gis2.esri.com/university/onlinedb.cfm).   A query of distance education programs in their database resulted in 84 matches, one for graduate programs resulted in 190 matches, and another for certificates resulted in 282 matches.  
With the growth in programs and more being developed each year, there are also guidelines that have been developed to assist institutions interested in starting GIS education programs.  For example, Gaudet (2001) describes the development of a geospatial technology competency model that can be used by educational institutions as a way to ensure their curriculum is training students to meet market demands.  Additionally, ESRI (2002) published a white paper that discusses guidelines for creating higher education GIS programs.  A better understanding of different models of access, their advantages and disadvantages and an institution’s specific context can contribute further to the development of effective guidelines and best practices.  We will discuss three key models for delivering professional GIS education including on-campus GIS certificate programs, on-campus masters degree programs and distance education GIS programs (offering certificates and masters degrees) and their major advantages and disadvantages.    

Model 1: The GIS Certificate

One of the earliest models for the delivery of professional GIS education was the certificate program where students would take a limited set of classes with a focus on a particular set of skills and/or application area.  Such programs allow for students to take a more limited set of focused classes that enable a base-level exposure to the theory, applications, and technology of geographic information science.  Wikle (1999) provides an overview of GIS certificate programs in the U.S. and Canada including both on-campus and distance based approaches.  He suggests developing programs based on application areas (e.g., urban GIS) and position type (e.g., technician versus manager).  Since the publication of his article, many more such programs have been created.  Wayne (2002) estimates that there are 70-100 such certificate programs in North America.
The advantage of GIS Certificate programs is that students may continue to focus in an applied area, such as forestry, urban planning, and criminology.  These students are able to bring their own unique expertise to the field of GIS and to enable a coupling of the unique problems in their own areas with spatial solutions.  A disadvantage of GIS certificates is that many employers are uncertain about what a certificate represents in terms of a student’s GIS capabilities since such programs can vary greatly in the depth and breadth of the coursework.
Model 2: The Distance Education Model

A growing number of students have migrated to the distance education model to earn both certificates and masters degrees in GIS.  For older, non-traditional students often trying to balance career, family and other commitments, there are certainly significant advantages to the distance education approach.  Given the recent growth in GIS, and number of professionals wishing to redirect their careers in GIS but not being able gain easy access to the “in class” experience, a distance-based approach is ideal.   One of the primary models for distance education GIS programs is the Penn State World Campus that offers both an online GIS certificate and MGIS degree.  DiBiase (2004) details the development of their online MGIS degree including its curriculum and a process for assessing and improving the program on a continuous basis.  UNIGIS, founded in 1990, is the oldest GIS distance education model representing an international partnership of 14 educational institutions (http://www.unigis.org).  For academic institutions that are located in remote or more rural areas, the distance education model is often a more successful approach to establishing a professionally-oriented GIS program.
Such programs are advantageous because they allow for flexibility in terms of workload, time, and budgets.  Many distance education programs have successfully converted to an on-line environment and early indications are that, pedagogically, such a delivery format is successful especially for motivated professional students.  Innovations in sharing on-line courses among domestic and international campuses are also adding to the flexibility of distance-based programs.  There are problems with such models, however.  Students must have strong motivational, organizational and technical skills to complete such on-line programs.  Such programs can experience high drop out rates if strong effort is not put into establishing effective mechanisms for advising and communication.  Also, there tends to be less development of camaraderie and networking amongst the student body unless a program develops alternative online communication tools to facilitate group and one-on-one discussion.  On the other hand, with effective communication tools in place, an even wider network can be established in comparison to traditional programs.
Model 3: Residential Masters Programs

Over the past ten years, there has been steady growth in the creation of these residential degrees, where now most regions of the United States have several of these programs. The residential model takes the traditional approach that assumes students will succeed through the experience of being on campus and in the classroom with a formal lecture, working in laboratories with other students, and benefiting from other types of formal and informal professional and social interactions.  Students also have easy access to campus resources and more opportunities for face-to-face interaction with faculty, students, staff and local professionals (especially if the institution is located in a larger metropolitan area).  Interaction with faculty expertise and advising is theoretically easier, students do not have to purchase their own software (although many do), and access to libraries and other resources is less complicated.  On-campus programs can also be beneficial since many successful programs have a dedicated staff person who assists with the day-to-day management of the program including handling student needs in a timely manner.  
A major disadvantage is that students must commit to relocating to a campus.  For professionals who may already have an established career along with other personal commitments it is extremely difficult to relocate.  Also, courses are offered on a fixed schedule that provides little flexibility for the working professional GIS student but some key courses can accommodate professional students by being offered in the evening.   
Case Study: The University of Minnesota MGIS Program
We offer the ten-year old MGIS program at the University of Minnesota as a case study of a residential program.  The program was originally designed, and continues, to focus on an interdisciplinary approach to GIS education in order to fulfill the growing demands for GIS education in a large and growing metropolitan region.  Yet based on the existing university structure the program had to be housed on one unit, in this case the Department of Geography that already had a well-established academic program in place. The academic and professional programs were built on a shared faculty, shared resources (laboratories, space, technology), and, most importantly, a shared curriculum. The program also relies on the laboratory facilities in other units such as the Remote Sensing and Geospatial Analysis Lab, the Soil Landscape Analysis Laboratory, and the Environmental Resources Spatial Analysis Center. While originally designed for the local GIS professional, the program quickly established a nationally and internationally diverse student body.  Today, we have an interesting mix of domestic and international students with a range from novices to those with in-depth knowledge of computer science and previous GIS experience, a wide range of application areas, a range from full-time students to professionals in diverse fields, and students with varied financial needs.

The MGIS is a non-thesis, terminal (does not continue to a Ph.D. within the department) degree with the following objectives:
· To provide a balance among theory, applications and technology;
· To promote an interdisciplinary approach to GIScience;
· To ensure our curriculum keeps pace with the ever-changing nature of the discipline; and,
· To enable students to have research and professional development experience.
The administrative and curricular and structure that was implemented when the program was established in 1997 has undergone several modifications based on regular program assessment and evaluation.    
Administrative structure
Although the MGIS program is housed in the Geography Department and many of the faculty members have their tenure base in Geography, MGIS is an independent interdisciplinary graduate program with faculty from other departments (e.g., Forest Resources and Computer Science) and colleges across the University.  More specifically, the program has strong linkages, both formal and informal, with the Center for Urban and Regional Affairs (CURA), Forest Resources, Computer Science, Soil, Water and Climate, Conservation Biology, the Minnesota Population Center, the School of Public Affairs, Landscape Architecture, and Biostatistics (Public Health).  It has its own administrative structure including an administrative committee, executive committee, and advisory board.  The Administrative Committee works on key programmatic issues (e.g., budget requests) and includes the following:

· Program Director who oversees all aspects of the program’s administration. 

· Associate Program Director (APD) who handles the day-to-day operations of the program, supports the DGS as the assistant DGS, and is the primary liaison between students and the program as well as the teaching specialists and the program.  

· Director of Graduate Studies who supervises and coordinates the administration and governance of graduate studies within the program, and serves as a liaison between the program faculty and the Graduate School. 

The Executive Committee functions as the governing board for the program—the entire faculty do not meet regularly for that purpose. However, the entire faculty does vote on specified matters and the program schedules meetings of the MGIS faculty primarily to discuss curricular matters.  The current Executive Committee includes members of the administrative committee, MGIS faculty from other departments such as forest resources and a student representative (normally the president of the GIS Student Organization).
The MGIS program has had an Advisory Board since 2000. The role of the Advisory Board is to provide the MGIS Program with advice and recommendations on how well it is educating its students to meet market demands in a quickly changing profession. It is composed of highly experienced GIS professionals from government (e.g., Minnesota Department of Natural Resources and Metropolitan Council) and private (e.g., Best Buy Corp., Rand McNally, ESRI, and Rowekamp Associates) sectors and also includes a graduate of the program.  

Curricular Design

The MGIS curriculum emphasizes three components—conceptual, technical, and applied education in GI Science.  Courses for the program are divided into three broad categories. Core courses provide the conceptual and theoretical underpinnings for a comprehensive, well-rounded knowledge of GIS, including an introductory seminar for entering students.  These courses cover the fundamentals of GI Science, including spatial data acquisition, data structures, spatial analysis, remote sensing, and cartography.  Some of the core courses also include applied coursework in which students direct their knowledge towards solving a variety of social and biophysical problems.  For example, in the Urban GIS course, students assist local community groups by using GIS to examine community issues.  A set of technology courses focus on specific software and techniques in GIS.  These technology courses were developed based on the budget provided from MGIS tuition. Technical courses include introductory and advanced ArcGIS, Internet GIS, desktop mapping, spatial data administration, surveying and GPS, and spatial programming.   Elective courses provide additional breadth to the program by allowing students to take courses related to their area of interest.   

Students must complete 35 credits (one semester course ≈ 3 credits at the University of Minnesota) that include four required classes: Survey of GISci, Principles of GIScience, Advanced GIScience, and an 8000 level seminar in GIScience.  Students must also complete 6 credits in technical courses including Introduction to ArcInfo and Advanced ArcInfo.  Additionally, students must complete 6 credits outside the program and 6 credits of electives.   All students must complete one research paper, one technology paper, and one professional conference-style poster as well as an oral exam.  For more information on the MGIS program, visit the web site at:  http://mgis.umn.edu .  
Program strengths and successes
The comparative advantage of the MGIS program includes its focus on interdisciplinarity, the size and scale of the University, and its curriculum.  The program benefits from its position in a very large public university (with over 150 academic programs and 3000 faculty), a large metropolitan region that includes state and federal government agencies, many private companies (both large and small that utilize GIS), and non-profit organizations.  This cluster of private and governmental institutions means that we have a continual pool of students that wish to enhance their GIS education and skills, often through formal education, and provides the opportunity for internships and employment for students in the program.  Often, private companies will pay the tuition for their employees who are pursuing the MGIS degree.  The size and scale of University of Minnesota means that students have access to numerous academic departments, schools and centers, and tremendous resources in terms of libraries, facilities and other services.  As a professional program, we are also able to draw upon an immense local pool of highly skilled and experienced GIS practitioners that can teach our technology courses and serve as advisers and mentors to our students.
Measures of success

A key to maintaining a successful program no matter what model it uses is to ensure that methods for assessing and evaluating the program are in place.  We have used a combination of different approaches to ensure that we are satisfying our students needs and meeting marketplace demands for GIS professionals.  These methods include consultation with our Advisory Board, regular external reviews of the program, feedback from students, graduates and faculty (e.g., acquired from surveys and meetings), ensuring that effective advising occurs and students are given timely feedback on their progress in the program (e.g., regular student reviews).

Recently, we completed a program evaluation (as part of an external review of the department in Fall 2006) that included a survey of our current students and graduates.  We conducted an internal survey of our current active students (59 total) and an external survey of our graduates (61 total) by developing an online survey form that could be easily and quickly completed.
Internal measures

We requested that our current students provide us with feedback on four key topics: GIS interests, course evaluation, advising, and program satisfaction. We received 44 responses out of 59 total students.  The results of the survey are summarized below by topic.

· GIS Interests:  The most frequently listed interest areas were natural resources, and urban and regional planning.  In addition to these areas, students cited interests in public health, archeology, software development and programming, Internet GIS, visualization and cartography, spatial analysis and geostatistics, transportation, business and mobile GIS.

· Course evaluation:  The majority of our students found our technology courses and core courses to be either very valuable or valuable.  Only a few courses had higher percentages in the neutral category but even among those more students found them to be valuable than not.  All of our required courses were ranked in the very valuable or valuable category.

· Advising: We were ranked average to very good in advising knowledge, providing feedback to students on their progress in the program, and for the utility of our graduate handbook.  We received a good in terms of availability; this is likely to happen as access to advisors can vary greatly.  Overall, this reflects our efforts to develop a useful handbook to guide our students through the program and to revise our student annual review process.

· Program Satisfaction:  85% (35 respondents) of the students participating in the survey felt very satisfied (29%) or satisfied (56%) with the MGIS program. 
Students were also asked to inform us about their greatest obstacles to finishing.  Many students cited work and family commitments, advisor and course availability, and personal issues.

External measures

We requested that our alumni and alumnae provide us feedback on two key topics: program satisfaction, and course evaluation.  The program satisfaction section included feedback on overall ranking of satisfaction, if the student would select the program again, and if the degree was useful in obtaining employment. We received 36 responses out of 61 alumni/alumnae.  The results of the survey are summarized below by topic.

· Program Satisfaction:  About 82% (29) of the respondents were very satisfied (38.9%) or satisfied (42.9%) with the program overall.  Almost 81% of respondents said that they would select the MGIS program again and about 73% of respondents said that the degree was either very useful or useful in obtaining employment. Individual responses to our request for feedback on program improvements included suggestions on additional kinds of courses or training such as project management, enterprise GIS, and programming, as well as ways to improve current course offerings and the need for more faculty.

· Course evaluation:  The majority of our students found our technology courses and foundational courses to be either very valuable or valuable.  All of our required courses were ranked in the very valuable or valuable category.

Overall, the results of both surveys indicate that our students and graduates are very satisfied with our program and the curriculum.  This fits well with our program being a national model for professional GIS education.  Additionally, our recent external review highlighted the MGIS program as a success in the department.  It is clear, however, that improvements and additions can be made to the program.  We must also continue to meet the challenges that are specific to being a professional degree program and meeting the needs of both traditional full-time students and non-traditional working students.

Future Challenges of MGIS
As we continue to evaluate the ten-year old program we are mindful of a some key challenges that such programs may face.  Some of these include:

· Maintaining stability in curriculum but also offering courses that reflect changes in technology;
· Maintaining stability in faculty positions in order to maintain a stable curriculum; 

· Compromising between meeting student expectations for what they “need” to get GIS jobs  and maintaining the faculty vision of a stable and effective curriculum;
· Developing alternative opportunities for students to meet those expectations and support learning outside the formal curriculum;
· Streamlining the curriculum and making effective use of existing courses;
· Coordinating amongst faculty on course content and transition;
· Meeting demands for an increased budget, e.g., additional courses and faculty;
· Making stronger linkages with additional University units and the private sector; and,
· Increasing committed financial support for students due to the program’s professional status.
As a result of completing the external review in Fall 2006, we recently completed a ten-year plan that addresses a number of these challenges and how we can remain competitive and sustainable as a program.
Conclusion: Future Challenges in GIS Education

For professionals seeking to enhance their GIS education, it is an opportune time to do so as there are many choices to meet their specific needs.  It is important for existing programs as well as institutions interested in developing professional GIS programs to find their niche in the market in order to be successful and sustainable.  To ensure that we can deliver the best possible GIS education to professionals, there are a number of broader challenges that need to be addressed.  These can be posed in the form of potential discussion/research questions:

· Is there a distinction between academic and professional training for geospatial technologies, and if so, what is it? 

· Do different educational institutions play different roles in providing academic vs. professional training? 

· How may transfer of courses be best accomplished between institutions providing education from differing viewpoints? 

· At what level should technology management be required for students in both tracks and where should the emphasis lie? 

· Is a professional master's degree terminal? 

References Cited

ACSM. 2002. ACSM Bulletin: The Education Issue, No. 197.

DiBiase, D.  2004.  Engaging stakeholders in program planning for an online master of GIS degree program.  Proceedings of the 2004 Annual Conference of the American Congress on Surveying and Mapping.
ESRI.  2002.  ESRI White Paper on Guidelines for developing a successful and sustainable higher education GIS program.  Redlands: ESRI.  36 pp.
Frank, A.U. and M. Raubal.  2001.  GIS education today: From GI science to GI engineering.  URISA Journal 13(2): 5-10.

Gaudet, C.  2001.  Workforce Development Models for Geospatial Technology.  The University of Southern Mississippi: Geospatial Workforce Development Center. 69 pp.
Gewin, V.  2004.  Mapping Opportunities.  Nature, 427(22), pp. 376-377.

Phoenix, M.  2000.  Geography and the demand for GIS education. Association of American Geographers Newsletter, June, p. 13.

UCGIS.  1997. UCGIS Education Priorities White Paper on Professional Education. http://www.ucgis.org/priorities/education/priorities/profeduc.htm 
UCGIS.  2006. GIS&T Body of Knowledge.  Washington, DC.  American Association of Geographers.

Wayne, C.  2002.  GIS education for the working professional.  Geospatial Solutions, July 2002.

Wikle, T.A.  1999.  GIS education through certificate programs.  URISA Journal 11(2): 53-60.

Wikle, T.A. and G.A. Finchum.  2003. The emerging GIS degree landscape. Computers, Environment and Urban Systems, 27(2003): 107-122.

